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can be enhanced by u l t rav io le t  i r radiat ion provided the catalyst  has 
not been completely degassed (1) . 
a study of the induced catalyt ic  ac t iv i ty  and electron paramagnetic 
resonance (EPR) spectra on the same - sample. 
there  is a correlat ion between the  Vi-center and the i r rad ia t ion  in- 
duced ca ta ly t ic  act ivi ty .  

The present investigation includes 

It w i l l  be shown tha t  

The VI-center i s  defined i n  Slide ,;1 as  a hole trapped a t  an anion 
adjacent t o  a posi t ive ion vacancy. 
d i t ions  must be sa t i s f i ed  including charge conipensation for  the posi t ive 
ion vacancy, a quanta of l i g h t  having suf f ic ien t  energy t o  f r e e  an elec- 
tron, and an electron trap,  
band, and the  resul t ing electron hole (called simply a hole) i s  then f r e e  
t o  move through t h e  l a t t i c e  u n t i l  it i s  trapped a t  the  posit ive ion va- 
cancy. T h i s  center now has an unpaired electron which may be detected by 
EPR techniques, 

For it t o  be formed, several con- 

I r radiat ion removes electrons from t h e  valence 

The resonance condition f o r  f ree  electrons i s  described in Sl ide  2. 
I n  the  absence of an external magnetic f i e l d ,  t h e  lowest energy l eve l  is  
twofold degenerate since the  sp in  s ta tes  +1/2 and -1/2 are  indistinguish- 
able. In  a magnetic f ie ld ,  however, the  degeneracy of t h e  leve l  i s  re- 
moved and two energy levels  a r e  resolved, The difr"erence i n  energy be- 
tween these s t a t e s  i s  proportional (related by the  g-value) t o  the  mag- 
ne t ic  f i e ld .  
wries having energy h3 , then t ransi t ions could he  induced from the  
lower t o  t h e  higher energj level.  In pract ice  the sample i s  i r rad ia ted  
a t  about t en  thousand megacycles ana Yne magnetic f i e l d  i s  swept. A t  a 
cer ta in  f i e l d  t h e  resonance condition i s  sa t i s f ied ,  resul t ing i n  energy 
absorption vhich can be cietected and traced out on a recorder. 

If one were t o  i r r ad ia t e  t h e  sample w i t h  electromagnetic 

When the electron is  i n  a crystal l ine f i e i d  Li l t :  g-v&Ue Is, In 
general, a tensor. 
i n  ax ia l  symmetry will have a g-value f o r  each angle which the symmetry 
ax is  makes with the magnetic f i e l d  vector. 

A paramagnetic center having an electron spin S = 1/2, 

In  a powder sample, where 
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a l l  angles a re  possible, the expected absorption spectra i s  shown i n  
Slide 3. 
reasons. 
the same slide. 

The derivative curve i s  usually plot ted f o r  instrumental 
The spectra of a UV irradiated,  i ron  doped sample i s  shown in 

One of t h e  advantages i n  studying rig0 i s  t h a t  a substant ia l  amount 
of EPR work has been carried aut on s ingle  c rys ta l s  by Wertz, Low, and 
other investigators.  Wertz ( 4) has ident i f ied  the V1-center spectrum 
with g,, = 2.0032 (magnetic f i e l d  along t h e  symmetry axis)  and g, = 
2.0385 (magnetic f i e l d  perpendicular t o  the symmetry ax is ) .  The l ines  
broaden a t  temperatures higher than 7 7 O K  and decay out upon heating the  
samples t o  1000 fo r  a few minutes. 

Experimental Data and Discussion 

These g-values observed by Wertz a re  shown on Sl ide 4,which in- 
cludes the  spectrum of an MgO catalyst  degassed a t  2 9 O O C  and i r rad ia ted  
with 25378 W. From the  s imilar i ty  i n  the spectra one may conclude tha t  
t he  center observed in the  powder is  of a V1 type. 
a V1-center cannot exist at  the surface because of the absence of neigh- 
bor atoms on one s i d e  of t h e  interface. 
type center, formed by a missing surface Mg++ atom, would have a sig- 
n i f ican t ly  d i f fe ren t  g-value than one i n  the bulk. 
oxygen have a marked effect  on the i ron  doped sample, these gases change 
the  spectrum of t h e  "purett sample o n l y  sl ight ly .  

S t r i c t l y  speaking, 

It i s  not c lear  whether a V i -  

While hydrogen and 

The purpose of the subsequent discussion w i l l  be t o  present data 
showing t h a t  this Vi-center and t he  i r rad ia t ion  induced ca ta ly t ic  act iv-  
i t y  f o r  t he  reaction H2 + D2J.2HD respond i n  a similar manner to: 
(1) degassing t h e  sample a t  290°C and 500°C; (2) thermal decay a t  -79OC, 
o°C, and 3OoC; (3) 253711 UV as a function of time; and (4) several wave- 
lengths of UV l igh t .  The samples used were reagent grade MgO which had 
been mixed with water t o  form a paste and then extruded t o  form pe l l e t s  
approximately two millimeters i n  diameter. 
were made a t  -78'~ and EPR measurements a t  about -196OC.  
r a tes  are reported as a f i r s t  order r a t e  constant. 

All catalyt ic  measurements 
The reaction 

When the  samples were degassed a t  29OoC and then i r radiated with 

The catalyt ic  ac t iv i ty  of the samples de- 

0 
2537.4 UV l igh t ,  the  catalyt ic  ac t iv i ty  increased about tenfold and the 
V1-center spectrum appeared. 
gassed a t  500°C and i r radiated showed no change i n  ac t iv i ty  and no VI- 
center spectrum. 
remove surface and i n t e r l a t t i c e  hydroxyl groups. 
ions probably act as charge compensating centers f o r  t he  posi t ive ion 
vacancies. Their ro le  as electron acceptors during i r rad ia t ion  i s  also 
possible. When these hydroxyl groups are removed by degassing a t  higher 
temperatures, t h e  cation vacancies d i f fuse  out t o  the svlrface and no V- 
centers  can be formed upon irradiation. 

The effect  of degassing a t  29OoC i s  t o  p a r t i a l l y  
'The remaining hydroxide 
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